Urolithiasis is a frequent and recurrent problem in dogs around the world. Several epidemiological studies based on mineral composition of uroliths have been carried out in different geographical areas. The objective of this study was to analyze epidemiological data of 195 dogs with urolithiasis from the metropolitan area of Guadalajara Jalisco, Mexico. To determine the chemical composition of uroliths, quantitative and qualitative analyses were performed by means of stereoscopic microscopy and infrared spectroscopy. The dogs` median age was six years and a male-female ratio of 1.4:1 was observed. The most affected pure breed dogs were schnauzer, poodle, Labrador retriever, Yorkshire terrier, and German shepherd. The frequency of uroliths of struvite, calcium oxalate, urates, mixes, and compounds, is similar to the one found in other studies performed in other populations. However, a much higher frequency of silicate-containing uroliths (16.92%) was observed, both in a pure form as well as in mineral mixtures. These results led us to suggest the need to develop further investigations to determine the origin of this high frequency.
Introduction
. Different types of uroliths. Note the differences in shape, size, color, and number; however, none of these characteristics is specific to a particular mineral composition. of silicate uroliths (14%) has been evidenced, 11 which contrasts the 1% maximum reported in the studies mentioned before.
The purpose of this study was to analyze epidemiological data of urolithiasis in dogs from the metropolitan area of Guadalajara, Jalisco. This city acquires a special relevance because it is the second most populated in Mexico.
Materials and methods

Study area
The metropolitan area of Guadalajara is in the west of Mexico, in the central region of the state of Jalisco. It has a territorial extension of 187.91 km. It is situated in the Atemajac valley, in the neovolcanic axis, established at an altitude of 1536 meters above sea level. 12 
Sample collection
From 2006 to 2016, canine uroliths were collected from different veterinary clinics located in the metropolitan area of Guadalajara, Jalisco, Mexico. The following data were analyzed: age, sex, race, and the anatomic location where the uroliths were found, as well as their mineral composition. Dogs were classified in four age groups: younger than 1 year, from 1 to 4 years, 5 to 8 years, and 9 to 14 years. Only pure breeds were classified according to size: small size (< 10 kg) and large size (> 10 kg).
Analyses and classification of uroliths
To determine their chemical composition, uroliths were submitted for qualitative and quantitative analyses, which were carried out in the National Reference Laboratory for the Analyses of Animal Uroliths of the Hospital Veterinario para Pequeñas Especies de la Facultad de Medicina Veterinaria y Zootecnia de la Universidad Autónoma del Estado de México, Toluca, Mexico. The appearance and characteristics of the external surface were evaluated by direct inspection or by stereoscopic microscopy ( Figure 2 ) (Stemi DV4 Stereo-Microscope, Zeiss, USA). Uroliths with a diameter > 5 mm were cut in half to observe the internal architecture, in order to differentiate their layers. The chemical composition of each of the urolith layers was analyzed by infrared spectroscopy (FT-IR Spectrum two, Perkin Elmer, USA). In the case of uroliths < 5 mm, they were crushed and analyzed as a single layer. Uroliths were classified as simple or pure when they were formed of one layer or the different layers had a similar composition, with more than 70% of a mineral (80% struvite and 20% CaOx, or 100% struvite); as mixtures when formed by a combination of minerals with less than 70% of a specific mineral (50% struvite and 50% CaOx); or as compounds when the urolith had layers of different composition (struvite nucleus, mixed struvite stone with CaOx and struvite bark), as described by Osborne et al. 4 The qualitative interpretation of the obtained spectra was based on those described by Hidalgo. 13 For the quantitative analysis of the following minerals: struvite, CaOx, calcium phosphate, cystine, purines, and mixtures, an electronic library of reference spectra (Nicodom IR Kidney stones 1668 spectra, Nikodom of
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DOI: http://dx.doi.org/10.22201/fmvz.24486760e.2019. 1.585 the Czech Republic) was used, and for uroliths of silicate and its mixtures with other minerals, a library was developed in our laboratory. 14 In this study, the term "calcium oxalate" (CaOx) includes mono-hydrated forms, di-hydrated forms, or mixtures thereof; the term purines includes ammonium urate, sodium urate, and uric acid.
Data analysis
Statistical analyses were performed on GraphPad prism 6.0, using χ 2 , determination of odds ratio (OR), and 95% confidence interval (95%CI). Differences were considered significant when p < 0.05.
Results and discussion
The uroliths of 195 dogs were analyzed: 58.46% (n = 114) of these came from males, with a male-female ratio of 1.4:1.
Dogs had a median age of six years, with a range between 2 months and 14 years. The highest frequency of uroliths (60.51%) was observed in dogs between five and eight years old.
Twenty-eight pure breeds were identified in the studied sample, representing 84.10% (n = 164) of the total, the rest were crossbreed dogs. The most frequent breeds were schnauzer, poodle, Labrador retriever, Yorkshire terrier, and German shepherd.
Pure breed animals (n = 164) were classified based on their size: 72.56% (n = 119) were small-size and 27.44% (n = 45) large-size.
As for the anatomical location of uroliths, most (74.87%) were in the bladder (n = 146); 12.30% in urethra (n = 24); 9.20% both in bladder and urethra at the same time (n = 18); 3.07% in kidneys (n = 6); and 0.51% in kidneys and bladder simultaneously (n = 1).
The most frequent type of urolith (44.10%) was struvite (n = 86), followed by 29.74% CaOx (n = 58), 9.23% silica (n = 18), 7.17% purines (n = 14), 1.02% calcium phosphate (n = 2), 5.64% mixed uroliths (n = 11), and 3.07% compound uroliths (n = 6). The frequency of different types of urolith in relation to gender and age group is shown in Table 1 , the risk analysis of predisposition of gender to present some type of urolithiasis in Table 2 , and the association between urolith type and breed size in Table 3 .
Struvite uroliths were the most frequent with 44.10% (n = 86) of the sample; females were more frequently affected with 60.46% (n = 52) and a significant association was found to form this type of urolith (p < 0.001), with a female-male ratio of 1.5:1. Similarly, struvite uroliths were more frequent (54.65%) in the five to eight years old group (n = 47); however, dogs between 9 and 14 years old presented a significantly higher risk (p < 0.01). This type of urolith was the only one that was present in puppies. Pure breed dogs comprised 70.93% (n = 61) of the studied sample, the rest being crossbreed animals which presented a significant risk (p < 0.001). The most affected breeds were schnauzer (31.14%), poodle (12.79%), and cocker spaniel (8.19% ). On the basis of size, small sized animals were the most affected, 83.60% (n = 51), with a significant risk (p < 0.01). Small sized female dogs, particularly schnauzer, poodle, and cocker spaniel Table 3 . Association between urolith type and breed size (n = 164). dogs aged 9 to 14 years, were at a higher risk of presenting struvite urolithiasis (p < 0.021). Calcium oxalate urolithiasis was present in 29.74% (n = 58) of the cases, and was the second most frequent type; 72.41% (n = 42) of this urolith came from males, showing a higher risk of forming this type of urolith (p < 0.01), with a male-female ratio of 2.6:1. It occurred more frequently (74.13%) in 5 to 8 years old dogs (n = 43); 98.27% (n = 57) were found in pure breed dogs, which had a significant risk (p < 0.001). The schnauzer was the most predisposed breed with 47.36% (n = 27) of cases, with a high predisposition (p < 0.001). Small breeds were the most affected, 80.70% (n = 46).
Type of urolith
Silica uroliths represented 9.23% (n = 18) of cases, being the third most common type of uroliths in the population. Of these cases, 94.44% (n = 17) were male (p < 0.001) and were more frequently present in the age group of five to eight years with 44.44% (n = 8). In this group, 94.44% (n = 17) were pure breeds and the Labrador retriever was the most frequently affected breed. Large animals comprised 82.35% (n = 14) of cases (p < 0.0001). In the population studied, it was found that pure breed, large sized male dogs had a higher risk of forming this type of uroliths (p < 0.01).
Purine uroliths were found in 7.17% (n = 14) of cases; 64.28% (n = 9) were males, with a male-female ratio of 1.8:1. Of the cases, 78.57% (n = 11) occurred in the age group of five to eight years. In pure breed dogs, these uroliths were present in 85.71% (n = 12) of cases, Dalmatians and schnauzers being the breeds most frequently affected (33.3% each). Statistically, male Dalmatians presented a high risk of forming purine urolithiasis (p < 0.0001).
Mixed uroliths were found in 5.6% (n = 11) of cases, five of which were struvite, silica, and calcium phosphate mixtures, in different rates: four CaOx and silica mixtures, and two of struvite with CaOx. Of these cases, 54.54% (n = 6) were found in males, with a male-female ratio of 1.2:1. Animals between five and eight years old comprised 72.72% (n = 8) of cases, and 90.90% (n = 10) were present in pure breeds such as Yorkshire terrier, schnauzer, German shepherd, Labrador retriever, Scottish terrier, Dalmatian, and springer spaniel, representing 60% (n = 6) of the small size breeds .
Compound uroliths were found only in six cases, all with a silicate nucleus of CaOx stones, struvite, or mixtures of these minerals with silica. Five of the cases were males with an age range from one to six years. These uroliths were present in only three breeds: schnauzer, Labrador retriever and poodle.
Only two cases of calcium phosphate urolithiasis were found, one of brushite in a female poodle, and one of carbapatite in a male poodle, both five years old.
Urolithiasis is a chronic and common disease that affects different species such as dogs and cats. It is a multifactorial disease, which can present lower urinary tract clinical signs. To determine the mineral composition of uroliths, performing a microscopic evaluation of the crystals in the urinary sediment will only give an idea of the possible composition of the urolith, and is generally related only to the most superficial layer of the urolith. Based on radiographic and visual evidence, as well as findings revealed by urinalysis, one can try to predict the mineral composition of the urolith and to consider dissolving struvite uroliths. Since this therapeutic alternative is not possible, it is necessary to extract them from the urinary tract using minimally invasive techniques whenever possible, in order to send them to a reference lab- 585 oratory to be analyzed and consequently decide the best therapeutic strategy to avoid their recurrence in the long term.
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In the studied population, males are slightly more affected with urolithiasis, comprising 58.46% of cases. It is more common for uroliths to be retained in the male urinary tract, since they have a longer and narrower urethra that makes it difficult for the urolith to be naturally expelled, unlike females, who can, in some cases, expel small uroliths because of their shorter and looser urethra. 2 Urolithiasis can occur at any age, from puppies to geriatric animals. The studied population presented a median age of six years. Animals between five and eight years old are considered at greater risk. Perhaps in this age group, animals can commonly present systemic or metabolic diseases, including urinary tract alterations that can cause changes in its defense mechanisms and thus favor the presentation of urolithiasis. In puppies, only struvite uroliths were found, suggesting BUTI is associated with anatomical alterations or congenital diseases. 15 Regarding breed, no predisposition was evidenced, since 28 different breeds were identified in addition to crossbreed dogs. According to size, the most affected small breeds were schnauzer, poodle, and Yorkshire terrier; whereas in the large breeds, the Labrador retriever and the German shepherd breeds were more susceptible. The above-mentioned breeds are popular breeds in Mexico, and they are also frequently reported as urolithiasis patients in Mexico City. 11 Anatomically, uroliths were found in the urinary tract in 97% of cases, as has been reported in other studies. 16, 17 Nephrolithiasis represented only 3% of the cases, similar to that reported by Ling, 18 who describes it with a frequency of less than 4%.
Based on mineral composition, the most frequently presented uroliths were those of struvite, accounting for 44.10%, followed by CaOx (29.74%), silica (9.23%), and purines (7.17%). These data are similar to a previous study in Mexico City, 11 where it was observed that these minerals are the most frequent and were present in almost the same rates. However, this is different from what is reported in other geographical areas.
In cases of struvite and CaOx urolithiasis, differences have been published concerning the frequency of these uroliths, as studies in Brazil, 10 United Kingdom, 1, 9 and Hungary 20 report struvite urolithiasis as the most frequent. In other geographical areas such as Spain and Portugal, 21 France, 16 and Switzerland, 22 CaOx is reported to be the most common mineral of uroliths. These changes are possibly related to demographic factors, breed preferences, changes in the composition of commercial diets, and the possibility of dissolving struvite uroliths.
In different studies, females had a higher risk of presenting struvite urolithiasis possibly due to a greater predisposition to BUTI related to the anatomical differences of the urethra. 23, 24 To form struvite uroliths, supersaturation in the urine with phosphate, ammonium, and magnesium is required. Most of these uroliths are associated with a BUTI caused by urease-producing bacteria, the most common in dogs being Staphylococcus pseudintermedius and Proteus mirabilis; others occasionally producing urease are E. coli, Pseudomonas, and Klebsiella. 25 Urease is an enzyme that hydrolyzes urea, increasing the concentration of ammonium and carbon dioxide, thus producing alkaline urine, which will favor struvite crystals to precipitate if phosphate and magnesium obtained from diet are present. The most frequent age of occurrence was between five and eight years; however, dogs in the age range between 9 to 14 years are proner to present this type of urolithiasis, related to the fact that advanced age dogs can present a BUTI secondary to neurological alterations of urination; or endocrine diseases like diabetes mellitus or hyperadrenocorticism, as well as prostatic diseases. 2 Usually, the appearance of these uroliths in radiographic studies is radiopaque and they have diverse forms when they are multiple: they can present flat faces and acquire a pyramidal form. They are commonly found in alkaline urine, near a pH of 8. These uroliths can be dissolved in a period of two to five weeks with the use of therapeutic diets. These diets generally decrease urinary supersaturation with phosphate, ammonium and magnesium, and promote acidic urine, inhibiting precipitation of crystals and thus dissolving uroliths. In addition, an adequate antibiotic therapy is required and should be maintained during the urolith dissolution process, since it is possible that bacteria are released from the urolith layers as they dissolve. 26 It is important to perform periodic radiographic studies during the dissolution process, in order to observe and measure the size of uroliths to verify their decrease in size.
In the case of CaOx uroliths, the majority came from males. It has been suggested that in males there is a decreased urinary excretion of citrate, an inhibitor of urinary crystallization of CaOx, which can promote crystallization and formation of this type of urolith. 27 The pathophysiology of the formation of CaOx uroliths in dogs is not yet fully understood, but conditions that promote hypercalciuria and hyperoxaluria are known as predisposing factors. Hypercalciuria can occur for different reasons: excessive intestinal absorption of calcium; altered calcium resorption in the renal tubules, as in metabolic acidosis; primary or secondary hyperparathyroidism; paraneoplastic syndrome; or hyperadrenocorticism. Hyperoxaluria derives from intestinal hyperabsorption or the accelerated synthesis of oxalic acid. Recently, it has been suggested that in dogs, the reduction of Oxalobacter formigenes load in the gastrointestinal tract could predispose them to CaOx urolithiasis, considering this bacterium is part of the normal microbiota and degrades oxalate to obtain energy. 28 Generally, this type of urolith is radiopaque, round or irregular in shape; multiple and smaller than 5 mm, which allows its expulsion from the urinary tract in females. The urinary pH in which they are found is variable. It is worth mentioning that these uroliths cannot be dissolved and their extraction from the urinary tract is necessary, if possible, by means of minimally invasive techniques. 6 Long-term management is essential to try to control recidivism.
Silicate uroliths were found in 9.23% of the cases studied. This type of urolithiasis has not been reported in epidemiological studies conducted in geographical areas such as France, 16 Hungary, 20 or Ireland; 29 or they have been reported with a frequency of less than 1%, as in Brazil, 10 United Kingdom, 19 Spain and Portugal, 21 and Canada. 30 Frequencies similar to those found in our study have been documented only in Switzerland (8%) 22 and in a study of Mexico City, with a frequency of 14%. 11 The reasons for this finding may be related to a geographical factor. Silica is present not only in its pure form, but also in mixed uroliths, mixed other minerals such as struvite, calcium phosphate, and CaOx, as well as in compound uroliths with a silica nucleus. Taking into account these data, we consider that uroliths containing silicate represent 16.92% of cases. This type of urolith may be in the form of a jackstone, with radial projections varying in number and size-some are long and thin while others are blunt and slightly apparent-or round, smooth shapes. They vary in size and can measure from a few millimeters to centimeters and, in most cases, they are multiple. Silicate is a combination of silicon, oxygen, and other elements. It is present in water and some foods of plant origin. The level of silica is influenced by diet and renal elimination depends on the amount consumed. It has been proposed that silicate urolithiasis develops due to increased ingestion of dietary solid components and/ or through the intake of water with a high content of silica, such as local groundwater near volcanoes. In Mexico, there is the Trans-Mexican eovolcanic axis, which is a chain of volcanoes that extends transversely from coast to coast, from the Pacific Ocean to the Gulf of Mexico. 31 The state of Jalisco is located within this Trans-Mexican neovolcanic axis, so we suggest that there might be a relationship between the affected animals and their geographical location, since it is very likely that in Guadalajara city the groundwater contains high amounts of silica, similar to what is found in Mexico City, where its most important source of water comes from groundwater found in volcanic areas. 11 However, future studies on the concentration of silicates in water will be necessary to verify this association. In our results, large sized and Labrador retriever dogs were the most affected. Similar data were reported in the population studied in Switzerland. 22 The higher frequency in males can be associated with the urinary tract anatomy, since males have a narrower and longer urethra, while the females' urethra is shorter and lax, allowing a urolith to be more easily expelled. Based on size, large breeds have a greater urinary volume, which may favor a higher concentration of this mineral in urine. As part of the medical management, it is recommended to provide dogs with water low in silica, as well as high quality foods, since low quality dietary food acquires protein from products such as beet pulp or cereals that contain high levels of silica.
Purine uroliths were more likely to be present in Dalmatian males, which is consistent with several studies. 17, 23, 32 Purine uroliths include uric acid compounds, ammonium urate, and sodium urate. These uroliths are usually multiple, small, smooth, ovoid, and greenish. Uric acid is the product of degrading endogenous purines as well as the dietary ones. Purines are converted to hypoxanthine and xanthine and, subsequently, to uric acid, by means of the xanthine oxidase enzyme. In most dogs, uric acid is catabolized to allantoin by means of the uricase enzyme. A genetic defect (SLC2A9 mutation) has been described in Dalmatians, which does not allow uric acid to be transported into hepatic cells. It cannot be fully metabolized, even though there are normal levels of uricase enzyme, and in the renal tubules there is less absorption of uric acid, resulting in hyperuricosuria. 33 In other breeds, possible factors that can influence the formation of these uroliths are purine-rich diets, which can cause high concentrations of uric acid in the plasma, renal excretion, urine concentration, and acidic urinary pH. Dogs with portosystemic shunts have a higher incidence of urate formation, associated with a reduced hepatic conversion of uric acid to allantoin and ammonia to urea, which causes hyperuricemia and hyperammonemia. Dissolution of urate uroliths is usually achieved within four weeks by administering a xanthine oxidase inhibitor, such as allopurinol, and an alkalizing diet restricted in purines, as well as diuretics. 33 For dogs with a breed predisposition, such as Dalmatians and bulldogs, the recurrence of urolithiasis can be avoided by increasing water consumption, limiting purine intake, and maintaining a pH ≥ 7 in the urine, thus promoting urate solubility. In dogs with portosystemic shunts, correction of the vascular anomaly and medical management as mentioned above is recommended. 
Conclusions
Small breed male dogs, with a median age of six years were the most affected. The most frequent mineral composition of uroliths were struvite and calcium oxalate. However, we observed a high frequency of silicate uroliths, as previously described in Mexico City, unlike populations studied in other geographical areas. Considering the pathophysiological mechanisms of this type of uroliths, a possible geographical component is evidenced, which should be further studied. Additionally, this study provides the tools to make decisions and predictions of urolith composition. This may help to decide between a dietary dissolution therapy or some other type of technique to extract the uroliths, such as urohydropropulsion or surgery. However, all uroliths should be analyzed to know the pathophysiological mechanism involved, in order to select the appropriate medical therapy to avoid their long-term recurrence.
